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Abstract 
Sudden, unprecedented electric blackouts and outages come as a dampener for a system that thrives on electrical energy. 
Reliability and efficiency are essential features for any power grid system. The conventional power grid systems are incapable of 
making use of real-time information from consumer side as well as the supply end for a more efficient transmission. Smart grid 
system, in which tremendous research has been done and which has been improvised manifold over the past decade, helps in 
meeting the incessant fluctuations in power demand from a huge consumer population. Smart grid brings about automation in 
managing the energy requirements using a two way interactive system, i.e. its ability to fetch information from the user and 
supply ends and utilize it to improve the overall reliability and efficiency of the transmission lines. Incorporating smart energy 
meters along with smart grid could come a long way in conserving electricity apart from removing manual energy meter reading 
from the scene. Smart meters supply the required data for the smart grid which helps the grid in providing an automated response. 
The paper elucidates how smart meters help in digitally tackling the issue of energy conservation in the consumer end and the 
utility end.  
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1. Introduction 
Smart meters record the energy consumption continuously and send this data to the consumers and the utility 
companies, on a required time interval. Integrating smart meters with smart grid helps in directly serving consumers, 
especially in the energy conservation domain. Different consumers require smart meters with different 
functionalities. Hence, there are different types of smart meters for domestic, industrial and commercial purposes.  
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Rigorous researches to bring about automation in the function of energy meters and, the advent of several sensors 
and highly specialized processors have made smart meters a reality. Significant progress has been made to provide a 
replacement for the conventional energy meters and pre-paid energy meters were one of the earliest attempts. The 
ability to communicate with the consumer as well as the power utility is one of the special attributes of smart meters. 
It allows for remote monitoring of the energy meter, automatic meter reading, automatic billing and accounting and 
energy auditing. 
Smart meters have already been successfully employed in several countries. However, the functionality varies 
depending on government legislations on smart meter and the smart meter manufacturers. France expects to have 
95% of its power consumer to have smart meters installed by 2016. Germany requires its utility companies to 
provide consumers with time-of-use tariffs, since 2011. The Norwegian government has made it mandatory for 
consumers consuming more than 100,000 units to install smart meters that report the energy consumption on an 
hourly basis. The UK government has planned to make smart meter installation in domestic premises compulsory in 
the year 2020 [6]. By 2014, around 43% of the US domestic consumers had installed smart meters. The number 
smart meter units currently installed exceeds 50 million [2]. It is estimated that over the next 10 years the Indian 
government would spend around $21.6 billion on adopting smart grid technology in India and by 2021, 130 million 
smart meters are expected to be installed. Smart energy meters form the essential core of smart grid.  
Real time pricing is one important application of smart energy meters which benefits the consumers and the 
utility companies. Through this system, the consumers could obtain a more organized data regarding their electricity 
consumption. This information reaches the consumer at regular intervals as programmed and is also accurate and 
error free, unlike the data obtained through manual meter reading. The power utility companies could offer 
concession for electricity usage during light load hours. Smart meters help in providing all necessary data required 
for fixing such a time based tariff. The consumers could schedule their heavy load operation accordingly. This 
enables the utility companies to follow a more systematic procedure in controlling the energy produced from 
conventional sources of energy, as in thermal power plant, according to the persisting demand which is visible 
through the data provided by the smart meters. The smart energy meters generate a digital response to the 
fluctuations in demand. The paper will mainly focus on design aspects of smart energy meter and the various 
provisions available for real time pricing in smart meters. 
2. Role of maximum demand 
In many countries, the electricity bill has three different components for which the consumer is charged at 
different rates, namely, the active power consumed (in kWh), the reactive power consumed (in kVARh) and the 
maximum demand. Several electric utility companies impose a penalty when the consumer exceeds certain prefixed 
value of demand (in kW). Even with the conventional energy meters, maximum demand indicators are installed to 
measure the demand at regular intervals of time. These maximum demand indicators indicate the current drawn by 
the load. Apart from maximum demand penalty, the recorded maximum demand values can also be used for real 
time pricing. 
Maximum demand is measured as the average power drawn in an interval of time, which is normally taken as 15 
minutes. This power is usually averaged over the instantaneous powers in that interval of time. There are two 
different methods to calculate maximum demand. They are block window method and sliding window method [7, 
8]. In the block window or fixed window method, the maximum demand is recorded once every 15 minutes and the 
maximum demand indicator is reset. In the sliding window or rolling window method, the last value of demand 
recorded will become the first value of demand in the next window. 
In real time pricing, the price of electricity varies on an hourly basis [9]. The price of electricity is for the entire 
day is decided and sent to the consumer the previous night, so that he can plan his appliance usage accordingly. This 
price solely depends upon the demand in the network prevailing during that time. Electricity prices are high during 
peak hours, when the demand is high. This encourages consumers to connect heavy loads during the non-peak hours 
[4]. This benefits its consumer in cutting down the electricity bill. Also, this could make the load duration curve 
almost flat. It does not require more power plants to be built to meet an excessively high peak, thereby reducing 
carbon di oxide emissions. It would also reduce the stress on the transformer.  
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3. Real time pricing 
In order to utilize the entire benefits of real time pricing [1, 3], four main criteria need to be considered  
 
x The duration for which the pricing for energy consumption vary 
x The ability to buy energy when the prices are lower  
x The ability to control the operation of the appliances and the ability to determine the energy prices at a given 
time 
x A smart meter that measures the total usage and the time of usage of energy 
 
To determine the cause for the price variation and the moment at which it occurs, one needs to look into the load 
curve of the area. The load curve shows the load variation on the generating station with respect to time. The typical 
daily load curve is shown in Fig. 2. The load keeps fluctuating. The variations in the load can be measured every 15 
minutes. The resulting data can be used to plot the daily, monthly and yearly load curve. This load curve can be used 
to find the maximum demand and the electricity pricing will be maximum, when there is maximum demand on the 
grid. Hence the customer can limit their energy expenses by shifting some of their electricity consumption to the 
hours of less demand. Thereby, the customers can end up paying less than the average price. This process of 
controlling the electric energy usage during the hours of high demand in order to reduce the billing amount is called 
as peak shaving. The advantages of peak shaving is shown in Fig. 2. 
 
 
 
 
 
 
 
 
 
 
Fig. 1.  Load curve 
 
 
Fig. 2.  Load shaving 
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Another issue in real time pricing is that the customers must be made aware of datum related to the hourly pricing 
and the load curve for that particular day. A customer need these datum in order to be an efficient energy smart 
consumer. These data can be made available to the customer through an online website or messages or by phone. 
For the efficient implementation of real time pricing, there is a need for the development of energy meters that 
can measure the energy used in a timely basis. Hence at the end of the billing period, the electricity distribution 
board can collect the data from the smart meter. 
4. Demand response and smart meter 
 The collected data can also be used to predict the next demand. This could prevent the overload and gives the 
operators time to act. Smart formulas and the past history that are stored in the database can be used to predict the 
next demand.The customers could also set alarms on the maximum demand level. If the usage meets this level, the 
smart meter could notify the customer. The customer can limit the usage through load shedding. The smart meter 
could also be enabled to automatically take action. 
The smart meters must identify the excess loads. Excess loads are the loads that can be turned off and restarted 
without much impact over the customers. Few examples of the excess load are lighting, HVAC machines etc. These 
excess loads must be prioritized by smart meter based on the amount of time for which they can be switched off 
without affecting the network. For instance, the lighting in the remote corner of the room can be switched off for 
few hours without affecting the network. The smart meter can monitor the current energy consumption scenario and 
is capable of shifting the individual loads and thereby reducing the total electricity consumption. This will also 
reduce the tension on the generating station. The benefits of load shedding is depicted in the Fig. 3a and Fig. 3b. In 
the Fig. 3a, there is more tension on the generating station while in that of Fig. 3b, the load is shared. 
 
Fig. 3.  (a) Before Load shedding (b) After Load shedding 
The network can return to normal operations as the demand level drops. The smart meter can then turn on the 
excess loads back on for normal operations. Shedding loads for a short time during peak demand can reduce the 
need for construction of new power plants.  
5. Challenges of real time demand response 
The major challenge faced in the implementation of “real time” is that both the data collection and the decision 
making must be completed within a minimal time [5]. Due to the minimum time for notification in advance, there is 
a need for the development of a methodology which is advanced and capable of finding an optimal solution as fast 
as possible. Hence the computational methodology involves high level of complexity. Because of the computational 
complexity involved, the methodology has to be properly tested during the developmental stages. Further, the 
collection of data from the online data sources has to be ensured. The development of energy management system 
can ensure the collection of online data and assist in the decision making process.  
Further in industries and manufacturing companies, the main goal is to manufacture the required amount of 
products in the given time. Their concern is to meet the production demand from the customers. Therefore, the 
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system production is treated as the first priority. It is tedious to give a description between the production losses and 
energy saving. Hence, there is a potential risk of production loss and energy saving. 
The main goal of real time pricing and demand management from customer side is to encourage the customers to 
use less energy during peak hours. Many argue that the demand management from load or consumer side is 
expensive and ineffective due to high costs. Another major issue is the privacy of the users. Now a day, these are not 
of much concern because the electricity board can note the purchasing pattern of a particular customer through 
‘loyalty cards’. 
6. Conclusion 
The paper focuses on incorporating real time pricing in smart grids.  This scheme of real time pricing makes it 
possible to manage the load from the demand side or consumer side. This would provide several benefits to the 
domestic consumers too, apart from industrial consumers. As real time pricing synchronizes the electrical energy 
costs with the demand response curves, it serves as an efficient way to conserve energy. Consumers could save more 
on their electricity bill by operating lighter loads during the peak hours and scheduling operation of heavy loads for 
times with low demand. Apart from conservation, real time pricing also comes a long way in protecting and 
preserving the quality of equipment used by the power utility company. Real time distribution aims towards a 
uniform distribution of loads throughout the day. Hence, there will not be the need to produces very large power for 
short duration of spikes. So, the number of power plants in operation could be kept minimal.    
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